Cannabinoids produce neuroprotection by reducing intracellular calcium release from ryanodine-sensitive stores.
Exogenously administered cannabinoids are neuroprotective in several different cellular and animal models. In the current study, two cannabinoid CB1 receptor ligands (WIN 55,212-2, CP 55,940) markedly reduced hippocampal cell death, in a time-dependent manner, in cultured neurons subjected to high levels of NMDA (15 microM). WIN 55,212-2 was also shown to inhibit the NMDA-induced increase in intracellular calcium concentration ([Ca2+](i)) indicated by FURA-2 fluorescence imaging in the same cultured neurons. Changes in [Ca2+](i) occurred with similar concentrations (25-100 nM) and in the same time-dependent manner (pre-exposure 1-15 min) as CB1 receptor mediated neuroprotective actions. Both effects were blocked by the CB1 receptor antagonist SR141716A. An underlying mechanism was indicated by the fact that (1) the NMDA-induced increase in [Ca2+](i) was inhibited by ryanodine, implicating a ryanodine receptor (RyR) coupled intracellular calcium channel, and (2) the cannabinoid influence involved a reduction in cAMP cAMP-dependent protein kinase (PKA) dependent phosphorylation of the same RyR levels that regulate channel. Moreover the time course of CB1 receptor mediated inhibition of PKA phosphorylation was directly related to effective pre-exposure intervals for cannabinoid neuroprotection. Control studies ruled out the involvement of inositol-trisphosphate (IP3) pathways, enhanced calcium reuptake and voltage sensitive calcium channels in the neuroprotective process. The results suggest that cannabinoids prevent cell death by initiating a time and dose dependent inhibition of adenylyl cyclase, that outlasts direct action at the CB1 receptor and is capable of reducing [Ca2+](i) via a cAMP/PKA-dependent process during the neurotoxic event.